One of the primary goals of exoplanetary science is to detect small, potentially habitable planets orbiting stars that are sufficiently nearby and suitable for detailed characterisation. Planets passing (transiting) in front of their host star are of particular interest, enabling the characterisation of planets' sizes, orbits, bulk compositions, atmospheres and formation histories. M-dwarf host stars with small radii, low masses and low temperatures further favour the study of potentially habitable exoplanets on short-period orbits. Here, we report the Transiting Exoplanet Survey Satellite (TESS [1] ) discovery of three small planets transiting one of the brightest (Kmag 8.3) and nearest (22.5 parsec) M-dwarf hosts to date, TOI-270 (TIC 259377017). The system is observationally favourable, and can be exceptionally well characterised over the next few years. The M3V-type star is transited by the Super-Earth-sized TOI-270 b (1.247
+0.089
−0.083 R ⊕ ) and the sub-Neptune-sized exoplanets TOI-270 c (2.42 ± 0.13 R ⊕ ) and TOI-270 d (2.13 ± 0.12 R ⊕ ) 1 . The planet configuration is close to a mean-motion resonant chain, with the orbital periods (3.36, 5.66, and 11.38 days) near ratios of small integers (5 : 3 and 2 : 1). Notably, the equilibrium temperature of the outer planet (340 ± 14 K) lies within the survivable range for extremophile organisms [2] . TOI-270 will be a prime target for future studies since: 1) its near-resonance allows the detection of transit timing variations (TTVs) for precise mass measurements and detailed dynamical studies; 2) its brightness enables independent radial velocity (RV) mass measurements; 3) the outer planets are ideal for atmospheric characterisation via transmission spectroscopy with the James Webb Space Telescope (JWST); and 4) the quiet host star is well suited for future searches of terrestrial planets within the habitable zone [3] . Altogether, very few systems with temperate small exoplanets are as suitable for complementary characterisation by TTVs, RVs and transmission spectroscopy as TOI-270.
The Super-Earth-sized and two sub-Neptune-sized planets transiting TOI-270 were detected by the TESS mission in Sectors 3-5 ( Fig. 1) , and followed up with ground-based multi-wavelength photometry, reconnaissance spectroscopy, and high resolution imaging. Following an extensive vetting protocol includ-ing these observations and archival/catalogue data, we validate the transit signals to be of planetary origin and the host to be a single M3.0 ± 0.5V star (see Methods). With a distance of only 22.5 parsec, TOI-270 is one of the closest transiting exoplanet hosts to Earth (Fig 2) . We find a stellar mass of 0.40±0.02 M , radius of 0.38±0.02 R , effective temperature of 3386 +137 −131 K, and metallicity of −0.17±0.1 from empirical relations [4, 5, 6, 7] (Table 1) , and detect low magnetic activity indicated by the presence of an H α absorption line in the stellar spectrum.
The three exoplanets are among the smallest and nearest transiting exoplanets known to date (Fig. 2) . The radius of TOI-270 b places it in a planetary population distinct from planets c and d; the trio is separated by the planetary radius gap around 1.7-2.0 R ⊕ which divides two populations of planets, rocky super-Earths and gas-dominated sub-Neptunes (e.g. [8, 9] ). TOI-270 b likely falls into the regime of Earth-like/rocky compositions, while planets c and d likely have rocky/icy compositions when employing statistically predicted masses of 1. [10, 11] . The diversity of the TOI-270 system thus provides an interesting case study for planet formation and photoevaporation, which can be driven by future TTV, RV and transmission spectroscopy observations (discussed below).
Since the planets orbit near a resonant configuration, one can expect to measure TTVs -and thus planet masses -in the near future. The proximity to the 2:1 resonance for TOI-270 c and d suggests that their perturbations lead to significant TTVs for both planets. If the inner planet pair (near 5:3 resonance) has a high relative eccentricity, it could also lead to observable TTVs for planet b. However, given the available observation span of the TESS and followup data (∼120 days), and the transit timing uncertainty (∼2-5 minutes), TOI-270 is still best described as a multi-planet system on circular orbits with constant periods; we find no strong Bayesian evidence for eccentricity nor for TTVs (Table M2) . We thus assess the theoretically expected amplitude and superperiod of the TTVs through 4-body simulations [12] . We find that the current observation span samples only a short and approximately linear part of the full TTV signal, which has a super-period of 1000-1100 days (Fig. 3) . The TTV amplitudes of planets c and d are expected to be 10 min. and 30 min., respectively. These are approximate lower limits, as the planet masses are currently predicted rather than measured, and the orbits are assumed to be circular. Dynamical stability simulations show that the system is exceedingly stable for a range of eccentricities and planetary masses (see Methods), opening the possibility of non-circular orbits and even higher densities (and thus even larger TTVs). Future transit observations sampling the super-period with moderate timeprecision (∼ few min.) should thus be sufficient to determine the TTV signal. Importantly, the bias in predicting future transits from the linear ephemerides fit increases rapidly. For example, after just one year, planet d will have a systematic transit window offset by > 1 hour due to the dynamical interactions. All this motivates the need for a continuous follow-up campaign, with observations every few months over the next 1-2 years.
Moreover, TOI-270 is inactive and much brighter than most comparable multi-planet hosts (especially in the infrared), making it a good target for precise radial velocity measurements with HARPS or ESPRESSO [13, 14] . We expect semi-major amplitudes of around 2, 5, and 3 m/s for planets b, c, and d, given the predicted masses. This opens up the potential for accurate determination of the planets' masses and eccentricities in an independent and complementary way to TTV studies. The majority of comparable multi-planet systems discovered by Kepler are too faint for RV follow-up (although K2 improved this situation to some degree). Only few bright-enough systems comparable to TOI-270 are known, such as K2-3 [15] , K2-18 [16] , and LHS 1140 [17] . However, these and most Kepler systems are not as close to resonances, even when they do feature planets with similar sizes and orbital spacings [18] . Consequently, very few other multi-systems with small planets are as suitable as TOI-270 for complementary characterisation by both TTVs and RVs. This ultimately will provide insights into both the compositions and formations of three very interesting planets, which can be representative for compact multi-planet systems around M-dwarfs.
As one of the closest systems with transiting exoplanets, TOI-270 is also a promising target for atmospheric characterisation studies. The low equilibrium temperatures of planets c and d (424 +20 −19 K and 340 ± 14 K) make them rare objects among currently known transiting super-Earth-sized and sub-Neptune-sized planets, and thus additionally compelling. Further, TOI-270 will be observable with JWST for 215 days per year, allowing optimal visibility conditions. Absorption features of planets c and d are expected to be readily detectable with SNR > 40 and SNR > 60, respectively, from just one transit with the NIRISS instrument and assuming cloud-free and H 2 -dominated atmospheres [19, 20] . Hence, TOI-270 provides a rare opportunity to test whether planets in compact multi-planet systems share the same formation history by comparing the atmospheric composition and thickness [21, 22] . Moreover, it could be possible to constrain the ocean loss on these planets, by uniting the red-sensitive JWST observations (probing O 3 abundances) with ground-based, visible-spectrum observations from the Extremely Large Telescopes (probing O 2 abundances).
The equilibrium temperature of TOI-270 d also places the planet within the survivable range of temperatures for extremophile organisms (Fig. 1, [2] ). This temperate small exoplanet can thus be a unique laboratory, being exceptionally suited for characterisation by TTVs, RVs and transmission spectroscopy. While planet d itself might not be rocky, and potentially too massive for habitable oceans [23] , it could host temperate rocky moons. Additional companions beyond the orbit of TOI-270 d could also fall within the terrestrial-like habitable zone (0.10-0.28 AU [24] ) without impacting the stability of the system (see Methods). The host star, TOI-270, is remarkably well suited for future habitability searches, as it is particularly quiet for an M-dwarf (e.g. [25] ); it shows no signs of rotational variability, spots or stellar flares during our photometric observations, and low H-alpha activity in the reconnaissance spectra. This makes it an ideal target for radial velocity surveys searching for additional planets in the habitable zone [3] . Moreover, the star is unlikely to sterilise or diminish the atmospheres of its planets through flaring or coronal mass ejections at its current stage (e.g. [26, 27] ; note that the star might have been more active at a younger age).
We note two caveats: first, tidal effects can substantially influence localised habitability, which is not included in any terrestrial-like habitable zone definition. In fact, due to the short orbital distances of the three planets, the planets rotation is expected to be tidally locked to their orbits. Using dynamical simulations including planetary tides, we find that the obliquities decrease down to zero and all planetary rotation periods evolve towards pseudo-synchronisation in a timescale shorter than 10 5 years (see Methods). The second caveat is that the equilibrium temperature is not necessarily reflective of the surface temperature -follow-up studies investigating the bulk masses, tidal locking, atmospheric compositions and pressures, and recirculation of gas and/or liquid water are required to determine any surface habitability. Nevertheless, the TOI-270 system stands representative for a demographic of exoplanets in the potential habitable zone of M-dwarfs, paving the way for future habitable zone planet discoveries with TESS.
Compact multi-planet systems like TOI-270 are often accompanied by other small planets on short or-bits. For example, this was the case for TRAPPIST-1, whose initial three planet signals were later found to be part of a seven planet resonance chain [28] . We thus perform a search for additional components, and identify two more signals with a signal-to-noise ratio SNR > 5 (see Table M3 and Methods). However, after inspecting the data, we suggest that these are likely not planets but systematic artefacts. Nevertheless, long-period or non-transiting companions might accompany the planet trio, and could be detected with follow-up monitoring.
In conclusion, as a bright, nearby and quiet Mdwarf host of three small exoplanets, the newlydiscovered TOI-270 system shows great potential for accurate characterisation and formation studies of small planets near the habitable zone. We will soon be able to precisely measure the masses of TOI-270 c and d through photometric follow-up of the significant TTVs caused by the multi-planet dynamics, and, independently, through RV observations enabled by the star's brightness and quietness. TOI-270 thus provides three new exoplanets which soon will fulfil the primary goal of the TESS mission (detecting and measuring the masses of at least 50 planets smaller than Neptune). Even more, we will be able to study the atmospheric composition of TOI-270's planets via transmission spectroscopy with JWST with high SNR and near-optimal visibility. Falling on both sides of the planet radius gap, the formation of these three interesting planets is likely representative of many other systems. All follow-up studies together (TTVs, RVs and transmission spectroscopy) will give insight into the bulk and atmospheric compositions of the planets, and provide an interesting case study for formation and photoevaporation. Finally, with planet d falling into a suitable equilibrium temperature regime, and potentially more planets waiting to be discovered in the habitable zone, TOI-270 can provide an exemplary case for exoplanet habitability studies in the future. Lower right: a top-down view of the system. The dark-green area shows the optimistic habitable zone according to [24] , spanning 0.10 AU to 0.28 AU. The light-green area shows the orbital distance at which the equilibrium temperature of a planet is between the survival temperature for extremophiles (∼395 K) [2] and the freezing point of water (273.15 K), spanning 0.06 AU to 0.12 AU. Note that the equilibrium temperature can differ from the surface temperature. The radius valley appears around 1.7-2.0 R ⊕ separating two populations of planets, rocky super-Earths and gas-dominated sub-Neptunes (e.g. [9] ). Bottom right: mass-radius-diagram indicating the potential bulk compositions of the three TOI-270 planets and known exoplanets. The TOI-270 masses are predicted from the relations of [11] , with 1 sigma and 2 sigma uncertainties shown as lines and bands, respectively. Overplotted are theoretical bulk composition curves from [29] (water/ice: H 2 O; rock: Mg2SiO4; iron: Fe; Earth-like: 67% rock / 33%iron). Data on known exoplanets is from https://exoplanetarchive.ipac.caltech.edu/, online 2019 March 04. Only known transiting exoplanets with values measured to better than a 30% relative error are shown. These four views highlight how TOI-270 occupies an exciting parameter space for future studies, with the diversity of the system providing an interesting case study for planet formation and photoevaporation. 
10.5 340 ± 14 derived 2MASS [34] ; TESS [1] ; Gaia [35, 36] ; TICv7 [31] ; UCAC4 [37] ; a fitted using a prior derived from the radius and mass; b fitted. Table M1) 2 . The mission team alerted on three transiting exoplanet candidates in the TESS lightcurves 3 in early December 2018 (Fig. 1) . Thorough verification of the true nature of these transit events is crucial, because planet-like signals are frequently mimicked by systematic noise, or by astrophysical false positives (e.g [45] ). Super-Earthsized and sub-Neptune-sized signals, in particular, are prone to be mimicked by background eclipsing binaries blended into the photometric aperture (e.g [46] ). Moreover, constant light from unresolved background or companion stars can bias the interpretation by leading to an underestimation of planet radii (e.g [47] ). A discovery of three independent, periodic signals lends confidence, as multi-transit systems have a high probability of being real planets (see e.g. [48] ). In order to confidently rule out systematic noise and false positives, and to strengthen our hypothesis that the candidates are planets, we follow the subsequent candidate validation protocol. Our protocol is similar to the approaches for M-dwarf planet validation in the literature (e.g. [49, 50, 51, 52] ), and partly even more extensive than those.
All three candidates pass all the validation tests performed by SPOC Data Validation module [53, 54] . These include an odd/even transit fit test against eclipsing binaries, a search for weak secondaries at the same period, a ghost diagnostic test against background eclipsing binaries and scattered light, and the difference image centroid test (a powerful and sensitive test of whether the source of the transit-like features are coincident with the target star). For all three planets, the transit source is displaced from the out-of-transit centroid by no more than 2 arcsec at the 0.6 sigma level, well within the 3-sigma confusion radius. Candidate 1 fails the weak secondary test at the 8.1 sigma level at a phase offset of 0.04 from the primary transit, but this feature is actually a transit of the second candidate and hence, can be ignored. In addition, the statistical bootstrap test quantifies the probability that the signal is a false alarm due to statistical fluctuations in the light curve, which is < 5 × 10 −26 in all three cases. Independently, we test for background objects that 2 selected by the TESS Input Catalog [31] and Cool Dwarf Catalog [38] 3 extracted using the Science Processing Operations Center (SPOC) pipeline operated at the NASA Ames Research Center [39, 40, 41, 42, 43, 44] . could influence our observations to-date. We study the TESS centroid time series and the image pixels during transits, search for known Gaia DR2 sources in the photometric aperture, and inspect archival images and photographic plates from 1983 until present (since TOI-270 has a high proper motion; Fig M1) . Neither of these analyses indicate signs of background objects. Additionally, the Gaia DR2 photometric excess noise is 0, which was suggested to rule out faint blends down to 1", and bright blends down to 0.1" separation [55] .
We also test whether TOI-270 itself could be an unresolved equal-magnitude binary. We find that the photometric [56] and trigonometric distances [36] of TOI-270 agree, which would have differed by a factor of √ 2 for binaries with similar brightness. The target also lies separated from known multi-star systems on an observational Hertzsprung-Russel diagram [57] . Both findings effectively exclude this false positive scenario.
Next, we coordinated ground-based follow-up observations through the TESS Follow-up Observing Program (TFOP) working groups 4 (Table M1 ; Fig. M2 ). The TFOP Seeing-Limited Photometry sub group (SG-1) observed the target star with various ground-based facilities at the predicted transit times, searching for deep eclipses in nearby stars within a radius of 2.5', and finding all transits to be on TOI-270. Observations in different filters show no chromatic behaviour, which would have indicated eclipsing binaries or blended stellar companions. The involved facilities are: Las Cumbres Observatory (LCO) telescope network [58] ; TRAPPIST-South (TS) [59] ; Siding Spring Observatory T17 (SSO T17); The Perth Exoplanet Survey Telescope (PEST); Mt. Kent Observatory (MKO-CDK700); and Myers-Siding Spring (Myers).
Moreover, the TFOP Recon Spectroscopy sub group (SG-2) obtained two low-to medium-resolution spectra. Both are consistent with a single, isolated star, showing no signs of a composite spectrum (i.e. no double-lined binary). The first spectrum was taken with the Folded-port InfraRed Echellete (FIRE) spectrograph on the 6.5 Baade Magellan telescope at Las Campanas observatory, covering the 0.8-2.5 micron band with a spectral resolution of R = 6000. Using the empirical relations of [60] , we estimate the following stellar parameters from the spectrum: T ef f = 3622 ± 73 K, R = 0.42 ± 0.027 R and L = 0.027±0.004 L . These values are consistent within ∼ 2 sigma with those derived through empirical photometric relations (Table 1 , and see below).
The second spectrum was taken with the Echelle Spectrograph on the Australia National University (ANU) 2.3 m telescope, covering the wavelength region of 3900 − 6700Å with a spectral resolution of R = 23000.
Finally, the TFOP High-resolution Imaging sub group (SG-3) collected high-resolution adaptive optics images of the target with VLT/NaCo [61, 62] . We collected nine exposures of 20s each with the Ks filter and processed the data following a standard procedure, to obtain a clean image of the target (Fig. M3) . To calculate the sensitivity to companions, we inject copies of the central source at varying angles and separations, and scale their brightness such that they could be detected at 5σ sensitivity with standard aperture photometry. No visual companions appear anywhere within the field of view, and the star appears single to the limit of our resolution (full-width at half maximum of ∼90 mas).
In summary, based on physics and observations alone, we can reject all sources of systematic false alarms or astrophysical false positives but one; the only remaining physically possible scenario would be that TOI-270 itself were a hierarchical multi-star system. While it is highly implausible that faint stellar companions would mimic a planet signal with a period that matches the near-resonance of a multiplanet system, we still investigate this scenario. We independently validate the planet with vespa [63, 64] , which validated over a thousand Kepler planets, and find a false positive probability of < 10 −6 . Note that this is even an overestimated upper limit, as this calculation only considers the TESS lightcurve and does not take into account the image-level data, multiplanet nature, and most follow-up information.
Altogether, these results validate the real planetary nature of the TOI-270 system.
Stellar parameters
We retrieve stellar parameters such as coordinates, parallax and photometric magnitudes from the Gaia DR2, 2MASS, and UCAC4 catalogues ( Table 1 ). The stellar mass M , radius R and effective temperature T eff are estimated using empirical relations. First, we translate the apparent K-band magnitude m K into the absolute K-band magnitude M K using the Gaia parallax, leading to M K =6.490 ± 0.029. Next, we use the empirical relations given by Eq. 11 and Table 13 from [4] to calculate the mass, resulting in M = 0.40 ± 0.02 M . Here, we assume a conservative error of 5% to account for the scatter in the data from which the empirical relation is derived. We then follow the empirical mass-radius relationship of Eq. 10 from [5] and compute the stellar radius R from this mass. This gives R = 0.38±0.02 R , again with a conservative estimate of a 5% error.
For comparison, we additionally calculate the mass using the empirical relation provided by Eq. 2 and Table 6 from [6] . This results in M = 0.36 ± 0.02 M (5% error estimate). This mass is 10% smaller than the one calculated above, agreeing only within 1.4 sigma of the estimated uncertainty. Moreover, we compare the radius from above with the one gained via the empirical relations given in Table 1 from [32] , leading to R =0.37 ± 0.02 R (5% error estimate). This radius is 5% smaller than the value calculated above, thus consistent within 0.7 sigma of the estimated uncertainty.
Overall, this underlines the necessity of more conservative error estimates, such as the ones we follow here. For completeness, all values are reported in Table 1 . From this point onward, we use the values computed from the relations of [4] and [5] with estimated 5% errors.
To estimate the stellar effective temperature T eff and spectral type, we first compute the bolometric correction in the K-band, BC K , following Table 3 from [32] . For this, the colour V − J is calculated from the given magnitudes. We find BC K =2.6 ± 0.1 (assuming 5% errors). This leads to a bolometric magnitude of M bol =9.1 ± 0.1. From this, we calculate the bolometric luminosity L =0.017 ± 0.002 L . Finally, we compute T eff using the Stefan-Boltzmann law to be T eff =3386 +137 −131 K. This corresponds to an M3.0 ± 0.5V spectral type [33] 5 . We estimate the metallicity of TOI-270 using the photometric method from [7] . Due to molecular line blanketing in the optical regions of the spectrum, a more metal rich M-dwarf at a given absolute K s magnitude (i.e. mass) will have a redder colour than a more metal poor star of the same mass. While [7] utilised M Earth-K s as the colour for their calibration, the MEarth bandpass is broadly similar to the i-band; hence, a similar relation can be calibrated with i -K s (Dittmann et al., in prep.). Using this calibration, we estimate the metallicity of TOI-270 to be [Fe/H] = −0.17 ± 0.1.
With the current observations, we cannot constrain the age of the star with certainty. Nevertheless, the absence of photometric variability, the low activity (shallow Hα absorption feature), and the lack of Ca H/K emission lines in our spectra suggest the star is a slowly evolving, older main sequence M-dwarf star [67, 65, 66] .
On Bayesian statistics, Nested Sampling and Gaussian Processes
Here, we briefly outline the key concepts of Bayesian statistics, Nested Sampling and Gaussian Processes, which we extensively use for all analyses. Following Bayes' theorem, the 'posterior' P (θ|M, D) is the degree of belief about the model M and its parameters θ , which is updated based on data D. It is given by:
Therein, the 'likelihood' P (D|θ, M ) is the probability of observing the data given the model and parameters. The 'prior' P (θ|M ) limits and informs the model parameters. The last term, P (D|M ), is the 'Bayesian evidence',
and quantifies the degree of belief about the model itself given the data (marginalised over all parameters).
Comparing different physical models, which is often desired in exoplanet studies, relies on the estimation of the Bayesian evidence, P (D|M ). Nested Sampling [68] is designed to directly compute the Bayesian evidence -making it distinct from Markov Chain Monte Carlo (MCMC) approaches, which bypass this step. For example, this enables to robustly compare models with different numbers of exoplanets [69] , circular versus eccentric orbits, or TTVs versus no TTVs. With Nested Sampling we draw samples from the prior volume (of the model parameter space) with hard likelihood thresholds. Successively, samples with the smallest likelihood get rejected, until the posterior distribution is found.
For modelling correlated noise in the data, we employ a Gaussian Process (GP) jointly with our transit model fit. A GP uses different kernels and metrics to evaluate the correlation between data points. The squared distance r 2 between data points x i and x j is evaluated for any metric M as
We choose our GP with a series approximation of a 'Matern 3/2 kernel' k(r) using the celerite implementation [70] :
This kernel has two hyperparameters that are fitted for: the amplitude σ, and the time scale ρ of the correlations. In this expression used by celerite, controls the quality of the series approximation and is set to 0.01; in the limit → 0 it becomes the Matern-3/2 function. This kernel can describe variations with a smooth, characteristic length scale together with rougher (i.e. more stochastic) features.
Modelling the data with allesfitter
) is a publicly available, user-friendly software to model photometric and RV data. Its generative model encompasses multiple exoplanets, multi-star systems, star spots, and stellar flares.
For this, it provides one framework uniting the versatile packages ellc (light curve and RV models) [71] , aflare (flare model) [72] , dynesty (static and dynamic nested sampling; https://github. com/joshspeagle/dynesty), emcee (Markov Chain Monte Carlo sampling) [73] and celerite (GP models) [70] .
Facing three Sectors of TESS data and 16 followup lightcurves, the number of free parameters in a strictly periodic transit model adds up to > 90 (without TTVs). This is accounting for the following: for each of the three planetary systems, there are five parameters (assuming circular orbits; seven parameters for eccentric orbits); per instrument, there are two limb darkening parameters (for quadratic laws), one error scaling parameter (for white noise scaling), and two hyperparameters for the Gaussian Process kernel (σ and ρ, see above). Additionally including a free TTV offset parameter for every transit (for 42 transits in total), would lead to a total of > 110 free parameters. Neither Markov Chain Monte Carlo (MCMC) nor Nested Sampling are suited to reliably account for all the covariances in such high dimensionality (the 'curse of dimensionality').
A common approach to bypass this high dimensionality is to fix certain nuisance parameters (e.g. limb darkening, errors and baselines) to pre-determined values and fit a strictly periodic global model. Next, to search for TTVs, each individual transit is fitted again while only the epoch is free and all other parameters are fixed. The difference of the individual epoch fits from the global fit is recorded and interpreted as TTVs. However, this approach neglects the covariances between physical parameters; for example, strong TTVs could bias the period, inclination and planet radius in a global fit. Fixing these parameters could result in forcing a 'wrong template' onto the transit, thus biasing the extracted TTV.
We try to improve this method and opt for the following seven-step approach:
1. To refine the transit locations reported by the SPOC pipeline, we perform a preliminary fit of the TESS Sector 3-5 lightcurves using wide uniform priors 7 .
2. We mask out an 8h window around every transit midpoint and fit for the noise and GP hyperparameters in the out-of-transit data of TESS Sectors 3-5 (short cadence).
3. We propagate the out-of-transit posteriors of the noise and GP hyperparameters (from step 2) as priors into a fit of the in-transit-data of TESS Sectors 3-5. All planet and orbit parameters are sampled from wide uniform priors.
4. Next, we turn our attention to the follow-up data sets. To gain information about the noise length scale correlated to the airmass trend, we fit the measured airmass curve of each observation with a GP model.
5.
We fit each follow-up data set separately, and each with two models: a 'transit and noise' model, and a 'noise-dominated' model. We record the Bayesian evidence Z transit for each fit.
(a) 'transit and noise' model: We propagate the posteriors of the planet and orbit parameters (from step 3) and of the GP time scale hyperparameter (ρ; from step 3) as priors into this fit. The remaining nuisance parameters (limb darkening, noise, and GP baseline) are sampled from wide uniform priors.
(b) 'noise-dominated' model: We fit a pure noise model. The posterior of the GP time scale hyperparameter (ρ; from step 3) is propagated as a prior into the fit. The noise and GP amplitude are sampled from wide uniform priors.
6. For each follow-up observation, we compute the Bayes factor as ∆ ln Z = ln Z transit − ln Z noise . There is strong evidence for a transit signal being recovered if ∆ ln Z > 3 [74] . For the global analysis, we only include observations that fulfil this criterion (see Table M1 ; Fig. M2 ).
7 Note that all priors used in this work are additionally truncated to physical lower and upper bounds. None of the priors are unbounded, and the likelihood functions for all models converge to 0 as the model deviates from the data. All priors are jointly proper, ensuring posterior propriety. This approach makes use of the Bayesian laws by propagating information via priors wherever possible, but still has to neglect certain covariances between nuisance parameters. Under the assumption that different observations are independent and identically distributed, we argue that the impact of this on the global posteriors of the planet and orbit parameters (which are evaluated globally) is negligible.
To ensure we are not missing a TTV detection, we also independently model the system using various other codes and approaches, including the ones implemented in the ExoFastv2 [75] package. All results are consistent with our allesfitter analysis, suggesting that the TTVs can currently not be detected given the ∼2-5 minute uncertainties on the transit timing in the data (Table M2 ). The resulting lightcurves from the favoured model (no TTVs and circular orbits) are shown in Fig. 1 , its physical parameters in Table 1 , and its posterior distributions in Fig M6. 
Orbital dynamics
To investigate the dynamical stability of the TOI-270 system for a range of planet masses, we utilised the Mercury Integrator Package written by [76] . The 4-body integrations were carried out for a duration of 10 6 simulation years, equivalent to 1.1 × 10 8 orbits of the inner planet and 3.2 × 10 7 orbits of the outer planet. To ensure a sufficient time resolution, we adopt the criteria of [77] and choose a time resolution of 0.05 days. Regarding the initial orbital conditions of the planets, we assume zero eccentricity, a periastron argument of ω = 90°, and specify the time of inferior conjunction using the T 0 values for each of the planets shown in Table 1 . The planet masses are adopted from the predicted values. We conduct a series of dynamical simulations that vary the mean anomaly (starting locations) for each of the planets. This technique explores the orbital parameter space that determines dynamical stability as a function of various system parameters [78, 79] . Assuming initial circular orbits, we find that the system is exceedingly stable with eccentricities remaining below 0.4% (Fig. M4) . Gradually raising the assumed masses, we find that the system remains stable up to ten times the original mass estimates. In the range of 10-30 times the original masses, the system achieves stability but the interaction between planets begins to drive relatively high eccentricities and rapid angular momentum transfer between the orbits. Beyond ∼30 times the original masses, instability in the system becomes inevitable with planets either being ejected from the system or colliding with the host star.
Independently, to explore the system's stability in the context of non-circular orbits we computed the Mean Exponential Growth factor of Nearby Orbits, Y (t) (MEGNO, [80, 81, 82] ). This chaos index evaluates the stability of the bodies' trajectories after small perturbations. Each body's six-dimensional displacement vector, δ i , (position and velocity) is a dynamical variable from its 'shadow particle' (a particle with slightly perturbed initial conditions). We obtained differential equations for each δ i by applying a variational principle to the trajectories of the original bodies. Next, the MEGNO was computed from the variations as:
along with its time-average mean value
The time-weighting factor amplifies any stochastic behaviour, which allows the detection of hyperbolic regions in the time interval (0, t). Y (t) enables to distinguish between chaotic and quasi-periodic trajectories: if Y (t) → ∞ for t → ∞ the system is chaotic; while if Y (t) → 2 for t → ∞ the motion is quasi-periodic. With this technique we evaluate the upper limits of the eccentricities, and constructed a set of three two-dimensional MEGNOmaps (Fig. M5) . We use the MEGNO implementation with the N-body integrator REBOUND [83, 84] . The integration time is set to 10 6 times the orbital period of the outermost planet, TOI-270 d. The timestep was set as 5% of the period of the innermost planet, TOI-270 b, and the simulation was stopped when Y (t) >10. We run three independent simulations to analyse the upper limits of the eccentricities for pairs of planets, while keeping the third planet's orbit circular in each case. All other planet parameters are fixed to the values in Table 1 . The size of each MEGNO-map is 100×100 pixels, meaning we explore the eccentricity space for each planet pair up to 10,000 times. The results suggest that low eccentricities of 0.05 for all planets are possible. The most restrictive eccentricity is detected for the middle planet TOI-270 c, with an upper-limit of 0.05. Planets b and d could potentially reach eccentricities up to 0.1.
In a closely-packed system like TOI-270, tidal interactions between the star and the planets additionally influence the evolution of the orbits. However, the timescale for each parameter differs; for example, the semi-major axis evolves the slowest, while the obliquity and the planetary rotational period can change fast. We explore the tidal evolution using the 'constant time-lag model', where the bodies are a weakly viscous fluid [85] . The mathematical description is given in [86, 87, 88, 89] and summarised by [90] , who implemented it first in their code MERCURY-T and later in POSIDONIUS [91] . We use both codes to verify our findings. TOI-270 b likely is Earth-like/rocky, therefore we assume the product of the potential Love number of degree 2 and a time-lag corresponding to Earth's value of k 2,⊕ ∆τ ⊕ = 213 s [92] . TOI-270 c and TOI-270 d likely are rocky/icy planets (taking into account [29] and [11] ) with a dissipation higher than Earth's, thus we assume 5×k 2,⊕ ∆τ ⊕ [90, 93] . We also assume that the fluid Love number and the potential Love number of degree 2 are equal. The rotational period of the host body is uncertain: from photometric and spectral observations we expect an oldslow rotator, but it is possible (yet unlikely) that is a young-fast rotator. We hence run our simulations for three different rotational periods: P ,rot = 2, 50, 100 days. First, we explore the evolution of the obliquity and rotational period from different initial conditions: initial planetary rotational periods of 10 h, 100 h and 1,000 h, and an initial obliquity of 15°, 50°and 75°. The rest of the planet parameters are fixed to the values in Table 1 , and we assumed eccentricities of 0.05 for all the planets (upper limits from the stability analysis above). The results for different stellar rotation periods are comparable. For the slow rotator as an example, we find that the evolution to pseudorotational state occurs over a short time-scale of 10 4 -10 5 yr for all planets, with the outer planet being the slowest to reach this state. Since TOI-270 is much older than this time-scale, we conclude that our plan-ets are likely well aligned with the host star. However, other events which are not studied here, such as magnetic breaks or rotational deformation, might alter this state. The resulting rotational periods are P (b,c,d),rot =76 h, 133 h, and 281 h, respectively.
Once the planets reach a pseudo-rotational state, tidal heating keeps acting while the orbits are eccentric, and decreases towards zero with circularisation. To explore the circularisation we ran another suite of simulations, performing integrations up to 10 8 yr. We find that after this time the eccentricities shrink by 94-98% from their initial values, meaning from 0.05 to < 0.002 for all planets. Since our planetary system is likely much older, this suggests the orbits are in a near-circular configuration. While the orbits are still eccentric, the tidal heating is about 250-350 W m Finally, we investigate if the TOI-270 system remains stable when there is a fourth planet, which is located in the terrestrial-like habitable zone between 0.10-0.28 AU [94, 24] . We again simulate this scenario using MENGO (as described above) for a 5-body system, and a range of orbital distances and masses of the fourth planet (100 values between 0.1-0.3 AU, and 100 values between 1-100 M ⊕ ), while freezing all other parameters. We find that the system is fully stable for the range of masses and semimajor axes in question.
Searching for additional exoplanet candidates
We search for additional threshold crossing events that might have not been detected by the automated pipeline. Using the short-cadence data from Sectors 3-5, we first detrend the Pre-Search Data Conditioning Simple Aperture (PDC-SAP) flux using a Gaussian Process with a Matern 3/2-kernel to remove any remaining long-term systematics that could impact the transit search. For the transit search, we use the software transit least squares (TLS) [95] . The code is similar to the widely used transit search algorithm box least squares [96] . However, instead of fitting a box model to mimic transit dips in the lightcurve, TLS uses a physical transit model [97, 98] , to increase its detection efficiency. The software also allows to include the stellar mass and radius from Table 1 as priors to generate the transit models. We search for signals with periods between ∼0.2 and ∼40 days that exceed a signal-to-noise ratio SNR ≥ 5. This approach detects the initial threshold crossing events of the TESS pipeline with SNR > 7, and finds three additional threshold crossing events with an SNR between 5 and 7 (Table M3) . After careful vetting, we conclude that these are likely not planets, but systematic artefacts. Nevertheless, other long-period or non-transiting planets might be waiting to be discovered. Figure M4 : Dynamical analysis based on the Mercury Integrator, showing the planets' eccentricities over a range of masses (the predicted mass multiplied by a factor). The system is stable with eccentricities remaining below 0.05 for masses up to ten times the predicted mass. For masses 10-30 times higher, the system achieves stability but the interaction between planets begins to drive high eccentricities. At ∼30 times the original masses, the system would be chaotic. Table M3 : Threshold crossing events with a signal-to-noise ratio SNR ≥ 5 detected with transit least squares [95] in TESS Sectors 3-4 short-cadence data. The search is performed on the PDC SAP lightcurves, which were additionally detrended using a Gaussian process.
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